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Basidor the study

Queremos Sol

A 50%renewablegenerationby 2035,
100%hby 2050

A 25%energyefficiencyby 2035
A Clearpublicpolicybasedon:

(1) Efficiencyconservationdemand
management

(2) Distributedrenewable -
emphasizingooftop solar and SOSTENIBLE. LOCAL. LIMPIO
storage

(3) Acceleratedossilfuel phaseout;

(4) Transformind®REPA asmblic
utility.




Howwasthe studyconducte®

Data

A Electrical system data was provided by PREPA

\ATELOS ENERGY

Expertise ' @ ENERGIZING NEXT
) GEN SOLUTIONS
A Performedby expertsin transmission, distribution, and electrical
. - ENERGY
resource planning | == FUTURES

- GROUP

Partici pation Dr. Agustinlrizarry Rivera

A UsedQueremos Solas basis itonsultationwith labor, environmental
and communitygroupsthat supportthe proposal

*Although data used was provided by PREPA the model has been independently developed by consultants on behalf of CAMBIO and i 3
no way represents any proposal, projection or representation of the Puerto Rico Electric Power Authority



Project objectives

V Provide a detailed economic and technical analysis evaluatiadieally different
energy mixthan Puerto Rico has today as propose@ureremosSol.

V lllustrate a future grid integrating with high levelsd$tributed energy resources
prioritizing rooftop solar and storage, following tklieremosSol proposal.

VO @I f dzl 0 S ieBewabls, sediliericyyi@lgbility, and economgoals.

V Understand theoperational, transmission, and distributiompportunities and
challenges associated with DER integration and evaluate possible mitigations.



Studyconfirmsthat Puerto Rico has viable and
costeffectivealternative

AResults demonstrate that objectives can be attained
ensuring:

V Affordabllity

V Serviceeliability

V Efficiencyin the useof endogenousrenewableresources
V Resiliencyor homesandbusinesses



Scenarios analyze up to 75% renewable energy
Puerto Rico by 2035

SCENARIO 1 SCENARIO 2 SCENARIO 3
25% 50% 5%
Renewable Renewable Renewable
50% 5% 100%
Resilient Homes Resilient Homes Resilient Homes
~1500 MW  ~3200 MW ~5000 MW
PV & Batteries PV & Batteries PV & Batteries

*Resilient Homes: Defined as homes suitable for rooftop PV (with average size of 2.7 kW and 12.6 kWh of batteries)
HRequires distributed photovoltaic (PV) generation and batteries in commercial installations: roofs and parking lots s



Integrated modeling tools provide
detailed grid simulations

Generation Analysis
Transmission Analysis

PLEXOS Distribution Analysis
SIEMENS Economic Analysis
Production Cost = O < y

Modeling in PLEXOS | Power flow and
frequency stability

Quantifies generation | adeling in PSS/E
mix, emissions, costs,

Cost of new DER

utilization, curtailment, Evaluates power flows (PV and batteries)

etc. across network, losses| Circuit hosting capacity Cost of transmission &
Hourly dispatch andI . fsr,g%lij"etgcy and voltage Distr_ibution upgrade | distribution upgrades

load by location requirements Benefits of reduced fue

Grid equivalent a'_’ and maintenance costs
load buses

reliability, and emissions




Future DER system would significantly change tr
resource mix on Puerto Rico

12,000
A Solar additions reach 5,000 MW 2 1000
(over 2x peak load!) Z 8,000
A Battery buildout ranges from ~5,300 MWhto & jzzz
11,400 MWh | : - L B =
A DER (Solar + Batteries) become the largest T —
component of the grid in the highest BASE 25% DER 50% DER 75% DER
scenarios, reaching over 70% of installed 100%

capacity

A Fossil steam turbine fleet (oil and cdakd)
IS significantly reduced via retirements
: : Incremental Cumulative
0 0

Not Applicable
25% DER AES 1 & 2 and Palo Seco Steam 3 &4 886 886

20%

80%

60%

- .
I

0%

Installed Capacity (% of Total)

0, 0, 0,
50% DER Aguirre Steam 1 & 2 900 1,786 BASE 25% DER °0% DER /5% DER
75% DER Aguirre CC1 &2 520 2,306 BmCoal mCC mST EMGT EHydro mWind Solar = Battery



t dZSNIIi2 wiO2Qa

Annual Net Generation (GWh)
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25% DER ’35% -
o
50% DER ‘r’b‘%c 1_
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-10,000 -5,000 0 5,000 10,000
Change in Net Generation from Base Case (GWh)

m Coal CC mST mGT mHydro mWind mSolar [ Battery

Curtailment is limited to no less than 1% in all scenarios evaluated!
Most displacement is from the ST Coal fleet (25% DER), and the ST Oil fi@g6#49DER)
Combined cycle fleet (LNG &-bikd) continue to support the grid, although use is considerably

reduced.



DER reduces flows across the transmission systx

Less reliance on
8,000 southern generation

7,000
6,000
5,000

Net Flow (MWh)

\
! \
4,000
3,000 — Net supply
2,000 regions (exports)
1,000
. gmm= m E gE== mEgE= ===
oo gEeE ggee B _
~2.000 — Net demand
-3,000 | regions (imports)

ARECIBO BAYAMON CAGUAS CAROLINA MAYAGUEZ PONCE ES PONCE OE SAN JUAN

W Base Case m25% DER m50% DER m75% DER

V DER is located directly at the loads, reducing the need for power to flow from South to North
V Reduces the total amount of energy that flows across the transmission network

V Leads to increased reliability, resiliency, and avoided transmission losses

V Ponce ES experiences a dramatic drop in exports with the retirement of the AES coal plant
V Ponce OE exports less to other regions as they become morsusitient with increased DER
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Distributionsystemanalysis

PREPArovidedmodelsfor 7 feeders we createdmodelsfor 89%of feeders

AEE Plus used GIS data provided by
PREPA to prepa@penDSHodels of
the distribution substations and feeders.

AEE Plus modeled a total of 987 Feeders
28,954 line miles representing
approximately 89%.

AThe StUdy iﬂC'UdeS ViequeS and CUIebIra-OpenDSS is an OperBource distribution modeling tool developed by

ElectricPowerResearchnstitute (EPRI).
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Distributionsystemanalysisoordinatedwith
transmission

Exampleof distributionline andsubstation

G & Voltage (pu) with line thickness by line current
[ I I I

! I
* "
[ Fixed Capacitor 0.95
] 0.9
0.85
0.8

A Eachdistributionline modeled
wasstudiedup to the
correspondingransformers

o PVsystemsconnectedto existing |
Transformers irmultiplesof 2.7
KW consistentwith resilient
homes

ADemandn eachfeederwas
coordinatedwith transmission |«
modeling

Improvementswere identifed aswell asvoltageand overheatingproblems
andsolutionsfor these
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Improvementsat distributionto reach75% DER

AMitigation of both thermal & voltage violations are based on:

AUpgrading existing facilities to meet the needs / requirements of the 75% scenari
A Perform line upgrades.
A Identify potential transformer loading issues.

ALine upgrades are based on:
A If conductor size increase is no more 2 conductor sjzesonductor
A If conductor size increase is greater than 2 conductor gjzebuild

ATransformer issues / upgrades

A If transformer reverse power overloads are less than 125% for no more than 500 hours
annuallyc no upgrade

A Power flows greater than 125% of their rating or for more than 500 hours annuafjace
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EncouragingrResultsDistributionSystemAnalysis

Distribution systemcansupport high renewablepenetration levelswith
modestupgrades

75% scenario upgrades

AWhile there are several reverse pOWer floyuue e . | Transformer
voltage and thermal violations associate (i T ey Esssims e s SOULEEELE L ELE
with the development scenarios, in geNelarcive 750 Ll

Bayamon 2442 196.1 2376 17.8% 22
. Caguas | 6761 3285 701.3 15.2% 30

0 The distributed nature of the deploymentcaroiina = 3.310 2417 313.1 16.8% 15
limits these violations to lower than Mayaguez | 5482 90.4 669.6 13.9% 18
anticipated levels. Ponce ES 23828 29 287.7 11.2% 11
Ponce OE | 2526 482 302.8 13.9% 10

: e SanJuan 2908 64.1 2286 10.1% 28

0 Associated mltlg_atlon COsSts are g_enerall Vieques 166 18 249 16.1% 0
limited to rebuilding / reconductoring of ~ culebra 68 7% 6 12.1% 0

existing lines (~15%), with modest
substation transformer upgrades (~4%).
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EncouragindrResultsDistributionSystemAnalysis

APrevious experiences with high penetration renewables
were based on largscale projects and have required

significant investments in Infrastructure improvements. PNEO e >
This is not the case here, because: N if"f"’”;““f“‘”j Nt
0 The strategy pursued BQueremosSol of locating systems on o g; ;”Z Y
roofs and storage behind the meter (in residences) minimizes ﬁ *‘y : e ; :
the use of the distribution system and therefore the need for s a
improvements. A s e
0 The coordinated deployment of PV systems and batteries in 2% i

which PV systems charge batteries at peak hours minimizes
voltage shocks.

0 The use of individual small systems that shift local demand,
Instead of exporting to the grid, mitigates overheating of lines
and transformers.
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PV and BESX®sts

A2020costsreflectactualprices

obtainedfrom guotesin Puerto Rico.

AApplied ATB cost decline curves to
produce forward trajectory

AA moreaggressivescenariovasalso
modeled

Jlow DE

1

Battery costs

\

2020 2022 2024 2026 2028 2030 2032 2034

ﬂﬂﬂﬂﬂ

uuuuuu

o

o

Average PV System Cost

............
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System costs2035

100%

. . resilient
A Includes operational costs (fuel, maintenance), homes
. . . . $2,500 H
distribution system improvements and annual cost for '
financing PV and BESS at 6.5%. $2.000
Aa. asS /1asS¢ R2Sa y20 AyOf dzRS LJ)\lf 'féééﬁYSMzﬁ F2N
. $1,500 . o
generaﬂon_ Distribution
H BESS
A Even given this the 75% DER scenaridB00 million $1,000 oy
f 2 é é NJ l:l K I y l:l K S d . I é. S / I é S é CD m Thermal Oper.
$500
A Distributed generation scenarios require capital
investment: $0

Base Case 25% DER 50% DER 75% DER
A Opportunity to use federal funds to lower costs and T

considerably improve resiliency conditions.

No capital
investment
for new
generation
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System costs2035

AFinal scenario 75% includes $9.65 ... e s e e
billion In federal funds R s s o
A$9 billion for solar and batteries and I I I o161 I
$650 million in improvements to the -
distribution system.
AFEMA 404 and 428, HUD funds. I
AScenarios reflect the average cost of
the system.
V Does not include debt payments or other payments such as
ANo specific ratemaking proposal is pensions.
assumed.
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Total Capital Spending

18,000 15,907
16,000
& 14,000
§ 12,000 10,283
s 10,000 50
© 8000 '
2 6,000 4,668
Transmission and = 4,000 l
. . . 2,000 .
DistributionSystem 0 Generation Investment
Investment PREPA ESM 25% DER 50% DER 75% DER
4@ NN
Y m 10,000 9,631
yoinn
=y
% THAN eée 8,000
Q@ conn S 6,824 6,855
< y—
w pI AN § 6,000
- nman 2 4,135
S omnn = 4,000
HO NN 2000
MO NN poo p-p CpH
; - = = .
PREPAESM HJ59w PAS 9w Tsh59w PREPA ESM 25% DER 50% DER 75% DER
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Main conclusions

AFEASIBLE

A A high penetration of renewable energy (rooftop solar and storage) is feasible with modest
Improvements to the distribution system.

ARESILIENT

A Equipping 1 million homes with rooftop solar and battery backup can provide 2,700 MW of power to
Puerto Rico's grid, which is complemented by commercial renewable generation to achieve 75%
renewable energy penetration. In 15 years resiliency conditions could be dramatically different.

ANO NEW FOSSIL FUEL INVESTMENT

A The study demonstrates there is no need for new fossil fuel plants or for conversion of existing plants.

AFOSSIL FUEL PHASE OUT

A Under the 75% scenario, the vast majority of PREPA's current generation fleet would no longer be used,
Including the AES coal plant, which can be shut down in the next 4 years.*

AREDUCE DEPENDENCY ON TRANSMISSION

A Thus, reducing a recognized vulnerability.

*Retirement of AES modeled follows substitution of its generation capacity withtopo$olar and PV. Howeve&ueremas hioprorg .20
cyMpo {2t Qa8 RSYFYR F2NJAYYSRAIFIGS NBGANBYSyd 2F '19{ OFly ftaz2z o6S FddkAYySR GKN



Main conclusions

A70% REDUCTION OF, EBIMISSION&5% scenario)

A Significant progress improving environmental and health conditions for communities.
A Positions Puerto Rico at the forefrantiddressing climate change with urgency.

A75% SCENARIO LESS EXPENSIVE THAN CURRENT GRID

A Reduce imported fossil fuel costs by nearly $600 million each year relative to the current generatio
system.

A PREPA can purchase the equipment and install with employees, supplementing with local contract
ASYSTEMS COSTS <= 20 CENTS/KWH

A Puerto Rico's future electricity rates face significant uncertainty. Excluding debt, the 50% and 75%
distributed power scenarios result in system costs equal to or less than 20 cents/kKWh.

ASYSTEMS COSTS <= 15 CENTS/KWH, IF FEDERAL FUNDS USED
A $9.65 billion in federal funds available to achieve the 75% scenario.

APOSITIVE IMPACT ON PEOPLE AND ECONOMY

A Volatility in rates due to fluctuations in the fossil fuel market is reduced.

www.cambiopr.org 21
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Benefits

A The study provides new and useful
Information to guide the radical
transformation of Puerto Rico's energy model
and the use of federal funds.

A The results show that this transformation is
viable, reliable and costffective for citizens,
the economy and PREPA itself.

A This model ensures that lowémcome
communities share in the benefits of
renewable energy with rooftop solar and
storage ... and that no one is left behind.

The alternative modeled is in line with the federal government's
climate, energy and economic plan.



